Background {#Sec1}
==========

The flow and heat transfer within a thin liquid film due to the stretching surface in otherwise quiescent fluid are important because of their wide applications in a number of industrial engineering processes. Examples may be found in the cooling of a large metallic plate in a cooling path, design of various heat exchangers, wire and fiber coating, manufacturing plastic films, continuous casting, crystal growing,artificial fiber, reactor fluidization, chemical processing equipment, a polymer sheet, polymer extrusion, annealing and tinning of copper wires, etc. The flow problem within a liquid film of Newtonian fluid on an unsteady stretching surface where the similarity transformation was used to transform the governing partial differential equations describing the problem to a non-linear ordinary differential equation with an unsteadiness parameter first are studied by Wang ([@CR1]). Many authors (Usha and Sridharan [@CR2]; Andersson et al. [@CR3]; Dandapat et al. [@CR4], [@CR7]; Wang [@CR5]; Dandapat and Maity [@CR6]; Liu and Andersson [@CR8]; Noor and Hashim [@CR10]; Mahmoud [@CR12]; Ray and Mazumder [@CR13]; Abel et al. [@CR14]) investigated thin liquid film under different situations.

Many important fluids, however, such as molten plastics, polymers, etc., are non-Newtonian in their flow characteristics. The flow of non-Newtonian fluids are finding increasing applications in several manufacturing processes. Flow of a thin liquid film of a power-law fluid caused by the unsteady stretching of a surface studied numerically by Andersson et al. ([@CR15]) and analytically by Wang and Pop ([@CR16]). The thin film flow problem with a third grade fluid on an inclined plane hase beed investigated by Siddiqui et al. ([@CR17]). Chen ([@CR18]) examined the effect of Marangoni convection of the flow and heat transfer within a power-law liquid film on unsteady stretching sheet. Siddiqui et al. ([@CR19]) presented the thin film flow of two non-Newtonian fluids namely, Sisko and an Oldroyd 6-constant fluid on a vertical moving belt. Hayat et al. ([@CR20]) presented an exact solution for the thin film flow problem of a third grade on an inclined plane. The problem of the flow and heat transfer in a thin film of power-law fluid on an unsteady stretching surface has been investigated by Chen ([@CR21], [@CR22]) where he also studied the effect of viscous dissipation on heat transfer in a non-Newtonian thin liquid film over an unsteady stretching sheet. The flow and heat transfer problem of a second grade fluid film over an unsteady stretching sheet has been presented by Hayat et al. ([@CR23]). Abel et al. ([@CR24]) investigated the effect of non-uniform heat source on MHD heat transfer in a liquid film over an unsteady stretching sheet. Sajid et al. ([@CR25]) presented exact solutions for thin film flows of a micropolar fluid down an inclined plane on moving belt and down a vertical cylinder. Mahmoud and Megahed ([@CR26]) investigated the effects of variable viscosity and thermal conductivity on the flow and heat transfer of an electrically conducting non-Newtonian power-law fluid within a thin liquid film over an unsteady stretching sheet in the presence of a transverse magnetic field.

Non of the above authors deals with the problem involving the thermal radiation on the flow and heat transfer in a liquid film on unsteady stretching surface. Thermal radiation effects may play an important role in controlling heat transfer in industry where the desired product with a sought characteristics depends on the heat controlling factors to some extent. The effect of thermal radiation on the flow and heat transfer of a non-Newtonian fluids has been studied by several authors (Aliakbar et al. [@CR27]; Mahmoud [@CR28]; Raptis [@CR30], [@CR29]; Siddheshwar and Mahabaleswar [@CR31]; Hayat and Qasim [@CR32]). The transfer of heat due to the missing electromagnetic waves (thermal radiation) has been presented by Baleanu et al. ([@CR33]). Available literature shows that the effect of thermal radiation on Maxwell liquid film over an unsteady stretching sheet immersed in a porous medium is not being carried out. Therefore, the aim of this study is to investigate the influence of thermal radiation on heat transfer in an upper-convected Maxwell liquid film over an unsteady stretching surface embedded in a porous medium.

Formulation of the problem {#Sec2}
==========================

Consider a laminar and incompressible unsteady flow of an upper-convected Maxwell fluid in a thin liquid film on a stretching surface immersed in a porous medium issuing from a narrow slit at the origin as shown in Fig. [1](#Fig1){ref-type="fig"}. The continuous surface aligned with the *x* axis at $\documentclass[12pt]{minimal}
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The basic equations for mass, momentum and energy in the thin liquid layer using the usual boundary layer approximations are:$$\documentclass[12pt]{minimal}
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The appropriate boundary conditions for the present problem are:$$\documentclass[12pt]{minimal}
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By using the transformation given in Eqs. ([11](#Equ11){ref-type=""})--([14](#Equ14){ref-type=""}), the governing Eqs. ([2](#Equ2){ref-type=""})--([3](#Equ3){ref-type=""}) and the boundary conditions ([4](#Equ4){ref-type=""}--[6](#Equ6){ref-type=""}) become:$$\documentclass[12pt]{minimal}
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Results and discussion {#Sec3}
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To study the effects of various parameters like the radiation parameter *R*, the Darcy parameter *D*, the Deborah number *De* and the Prandtl number *Pr* on the dimensionless velocity $\documentclass[12pt]{minimal}
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                \begin{document}$$\theta (\eta )$$\end{document}$, numerical calculations have been carried out for different values of *R*, *D*, *De* and *Pr* as shown in Figs. [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"}, [4](#Fig4){ref-type="fig"}, [5](#Fig5){ref-type="fig"}, [6](#Fig6){ref-type="fig"} and [7](#Fig7){ref-type="fig"}. Also, the variation of the local skin-friction coefficient and the local Nusselt number with the change in the parameters *R*, *D*, *De* and *Pr* are illustrated in Table [3](#Tab3){ref-type="table"}. Figure [2](#Fig2){ref-type="fig"} demonstrates the effect of the Darcy parameter *D* on the horizontal velocity profiles for different values of *S*. It is revealed that the transverse velocity decreases as the Darcy parameter increases. Also, it is noticed that the film thickness $\documentclass[12pt]{minimal}
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Fig. 2**a** Velocity profiles for various values of *D*. **b** Velocity profiles for various values of *D*Fig. 3**a** Temperature profiles for various values of *D*.**b** Temperature profiles for various values of *D*Fig. 4**a** Temperature profiles for various values of *R*. **b** Temperature profiles for various values of *R*Fig. 5**a** Velocity profiles for various values of *De.* **b** Velocity profiles for various values of *De*Fig. 6**a** Temperature profiles for various values of *De.* **b** Temperature profiles for various values of *De*Fig. 7**a** Temperature profiles for various values of *Pr.* **b** Temperature profiles for various values of *Pr*

The numerical values of the local skin-friction and the local Nusselt number in terms of $\documentclass[12pt]{minimal}
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                \begin{document}$$S=1.2$$\end{document}$ are tabulated in Table [3](#Tab3){ref-type="table"}. It can be seen that the local skin-friction coefficient increased by increasing *D* or *De*, whereas the local Nusselt number decreases with the increasing the Darcy parameter and the Deborah number. Also, it is noticed that the local Nusselt number decreases as the radiation parameter increases and increases with the increase of the Prandtl number. However it is found that the local Nusselt number decreases as *S* increases whereas the local skin-friction coefficient decreases with the unsteadiness parameter. Moreover, it is observed that the free surface temperature $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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Conclusions {#Sec4}
===========

A theoretical analysis is performed to study thermal radiation effects on flow and heat transfer in an upper convected Maxwell liquid film on an unsteady stretching sheet embedded in a porous medium. The governing equations are transformed to a system of non-linear ordinary differential equations which is solved numerically using the fourth order Runge-Kutta scheme with the shooting technique. The main conclusions which have been found from the present study are:The velocity and the film thickness decreases with increasing the Darcy parameter and the Deborah number.Increasing values of the Darcy parameter, radiation parameter and Deborah number leads to an increase in the temperature.The temperature decreases with increasing the Prandtl number.The Darcy parameter and the Deborah number have the effect of enhancing the local skin-friction coefficient.The local Nusselt number decreases by increasing the radiation parameter, the Darcy parameter and the Deborah number and increases with increasing the Prandtl number.The free surface temperature decreases as the Darcy parameter, the radiation parameter and the Deborah number increase while it decreases as the Prandtl number increases.

The author would like to thank the reviewers for their valuable comments, which led to the improvement of the work.

Competing interests {#FPar1}
===================

The author declares that she has no competing interests.
